Phone: STerling 3-4100

INDEPENDENT TRACKING COORDINATION PROGRAM
824 Connecticut Avenue
‘ W ashington 6, D. C.

January 20, 1967

Dr., John T. Holoway, Acting Director
Office of Grants and Research Contracts
Office of Space Science and Application
National Aeronautics and Space Administratoon
Washington, D.C. 20546

Re: NsG 35=60
Dear Dr, Holloway:

OCur last regular report was forwarded to you under
date of October 20, 1966, covering the reriod 1 July
through 30 September, 1966,

Enclosed please find Summary and Report of Activities
‘ for the fourth quarter period, 1 October to 31 December,
1966,

A financial statement in the prescribed NASA Form
1030-1031 for the same period is going forward by separate

mail,
/75pectfu11y ’
Program Director
Enclosures:

1. Summary and Report
2, EXHIBITS A throughl.,

& Society of Photographic Scientists and Engineers




INDEPENDENT TRACKING COCRDINATION PROGRAM

SUMMARY OF PROGRESS AND REP(RT OF ACTIVITIES -« N3G 35-60 4th Q 1966

T, TRACKING AND DATA ACQUISITION

A, During the period, a number of observations have been

‘ received from independent tracking sources overseas and
forwarded to Goddard Space Flight Center. (See EXHIBIT A
attached for itemized list of g79 observations).

B. During the period, 2,638 sets of current gear ratio elements
dexrived by NASA's Goddard Space Flight Center from NORAD
data were included in ITCP biweekly airmail orbital element
announcements. (See EXHIBIT B for itemized listing by
satellite. Copies of EXHIBITS C,.D, B, F, G, H, I -

biweekly announcements are also attached )

II. ADDITIONS TO INDEX

Additions to the Index giving Catalog Numbers and Popularx
Names corresponding to IDENT Degsignations of Recently Unclassified
Artificial Barth Satellites were issued in conjunction with biweekly
orbital element announcements, on the following dates:

EXHIBIT C

October 3, 1966 = C

October 17, 1966 - " 2]

Novembexr 14, '66 - " F

November 28, '66 - " G

~ Decewber 19, '66 = " H

T T December 31, '66 = " I

III. LIST OF RADIObTRANSMITTING SATELLIIES

A list of satellites bwlieved to be transmitting as of
December 15, 1966 was published ih conjunction with the orbital
element announcement mailed to all addressees December 19, 1966.
(EXHIBIT J) The listing is ordered by IDENT designations and
includes the Popular Name and Catalog Numbers, as well as frequency
data on the various satellites. Channels operating on COMMAND only
are listed with the letter,.C, in the place of the decimal point
that would appear in the frequency field.

IV, BULLETIN ON DAY NUMBERS FOR RECORDING CHRONOCLOGICAL DATA

The subject bulletin explains the advantages in using day
numbers in a continuous chronological era for specification of
epoch, instead of calendar days, montha, and years. Savings in
data processing, calculationz, and communications effort are

- continued on page two
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emphasized. The relation between Universal Time (U.T.) and the polar
angle formed by the Greenwich Meridian and the geocentric direction
of the earth's mean shadow center is explained.

Computer subroutines, JAYDAY and CALDAY are given. Subroutine
JAYDAY gives the Modified Julian Day number coxrresponding to the
Gregorian calendar day, month and year of the 20th and 21lst centuries
Subroutine CALDAY gives Gregorian day, month, and year corresponding
©0 the Modified Julian Date.

Two tabulations to facilitate hand conversion are included.
A tabulation of Modified Julian Date corresponding to the zeroth
day of each month from January 1951 through December 1999 is
included. Use of the tabulation for finding Modified Julian Date
from calendar year, month and day is explained, as is use of the
tabulation for finding the Modified Julian Date giving Gregorian
year, month and day.

The days of the week are shown to be separate and distinct
and not a proper part of the calendar. A method for determining
week day from Modified Julian Day number is suggested.

A tabulation of Modified Julian Day Number for each day of
the week from January 1, 1966 through December 31, 1968 is given,
(EXHIBIT K)

V. POCKET CALENDAR

A pocket calendar (EXHIBIT L) giving Modified Julian Day number
fox each day of the year, from January 1, 1967 to December 31, 1967
was included with the bulletin of December 30, 1966. These caxds
facilitate interpretation of NORAD and Gear Ratio Blements supplied
by ITCP.

VI, COMPUTER PROGRAMS FOR LOCAL PREDICTIONS TO NEWS MEDIA

One of the important projects in which the ITCP is currently
engaged is the developwent of efficient computer programs whereby
news media can generate local predictions for bright evening passes
of artificial earth satellites, Programs ;for generating printouts
edited and formatted for direct photcreproduction by the newapapers
for which it was prepared is a specific objective.

Programming approaches for local computation of local news
media consumption, as well as program approaches f¢r centralized
computation of local predictions for a nuwmber of licalities axe
under study, Substantial progress was wade cduribg the guarter in
adapting +these programs to local news media requixements.
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VII. SUPPCRT OF TRACKING ACTIVITIES AT MORE THAN CNE LOCATICN

Efficient computer utilization for the suppoxt of the
tracking activities of two or more observers at different loca=-
tions requires the development of a system of related computer
programs capable of generating observation schedules and prediction
data from available elements, and of analyzing and improving orbital
elements on the basis of reliable data from a number of observers.

A great deal uf unnecessary computer effort can be eliminated by
making use of calculated values in which a number of stations may
share, For example, earth shadow calculations, twilight calculations,
and moon position calculations affecting optical observation can be
distributed over a large number of observers in a fairly broad
latitude zone. For maximun effectiveness, such a program requires
- gubstantial core storage capacity. A program along these lines

has been developed for a computer of the IBM System 360/60 type.

A ligting of the program and writeup on its use in coordinating
obsexver activity between independent observers may be ready for
publication during the next quarter. The subroutines of the
program are useful in single-station satellite observation and
tracking activities, as well.

VIII, INQUIRIES RECEIVED RE: TRACKING

A marked increase in the number of inquiries on tracking and
satellite acquisition from students has been noted. Over twenty-
five kits, including 8 sent to addresscees overseas were distributed
during the period. The kits mailed included the following bulletins
and graphic data:

Wulff STEREOGRAPHIC Net

Zenith Distance Finder

Chart for Determining CG/CP (ITCP 2-66)

Bulletin of 3/29/66 - SCHEDULING TIMES OF ORBIT APPROACH

Bulletin of 9/30/65 -~ STANDARD BRIGHINESS TABLES

Bullletin of 12/30/65 - EPOCH SPECIFICATION (now revisged)

List of Radio-Transmitting Satellites (to radio observers)

Bulletin of 9/29/66 - PRACTICAL ARITHMETIC

Bulletin of 9/30/66 - GRAPHIC PREDICTION OF LOCAL CULMIN-
ATIONS; includes ITCP Chart 6-66

Tables of Sines, Cosines and Tangents for BEvexry Tenth M1croturn

Rationalized General Catalog of 33,342 Stars
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IX., ANNOUNCEMENTS

Summary of Current Gear Ratio Elements Issued.

Date No, Dist. No. Satellites
39401,.9 490 179 (See EXHIBIT C - Oct. 3, 1966
39415,9 486 243 (" " D e Oct. 17, 196
30429,9 486 243 (" " B = Oct, 31, 1506u;,
39443,9 472 2554 (v " F = Nov, 14, 1966)
39457.9 473 255 (" " G = Nov., 28, 1966)
30471.9 472 242 (" " H -~ Dec. 12, 1966)
39485,.9 536 253 (" " I - Dec. 26, 1966)
EXHIBITS ATTACHED TO THIS REPCRT
A - List of independent tracking obsexvations received from
sources overseas.,
B - List of satellites and number of gear ratio element sets
published on each satellite during the period.
C, D, E, P, Gy H, I - Biweekly Airmail Orbital Element
Announcements publighed during the. period.
J - Up-dated List of Radic=Transmitting Satellites as
of Decembexr 15, 1966,
K <« ITCP Bulletin dated December 30, 1966 -~ Day Numberxrs
for Recording Chrenplogical Date
L. -« Pocket Calendar of Modified Julian Day Numbers for 1967.
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The following obsexvations have been received by the Independent
Tracking Coordination Program from independent observers overseas:

NCAT No. NCAT No,
, 0045 3 1520 1
0049 11 1537 39
0059 1 1575 1
0163 % 1577 2
0271 1l 1620 2
0397 1 16258 1
0444 3 1726 1
0446 6 1738 1
0520 2 1779 2
0564 1 1804 3
0613 2 1806 1
0622 4 1843 1
0624 4 1864 1
0671 2 1869 1
0683 14 1997 2
0684 1 2168 1
. 0714 17 2169 2
0715 39 2172 1
0727 1l - 2253 165
0740 146 2255 13
0748 1 2296 1
0751 1 2338 2
0876 10 2397 3
0922 1 2403 18
0924 4 2418 1
0931 - 10 2431 1
0941 1 2437 1
0953 . 1 2481 15
1092 54
1097 1
1098 2 Unknown 7
1271 1.
1310 1
1355 1l 679 Observations
1420 S 2 '
1422 1l on 68 satellites
1447 3
1448 3
1510 32
3

. 1515
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EXHIBIT B

Recapitulation of Current Gear Ratio Elements published in
Biweekly Airmail Announcements (See Exhibits C through I)

NCAT No. NCAT No. NCAT No. NCAT No. MNCAT No.

0004 10 0255 7 0602 2 0801 3 1098 9
0005 3 0257 7 0603 2 0812 2 1207 1
0011 2 0271 1 0604 3 0813 3 1208 2
0012 4 0273 4 0605 6 0824 8 1228 25
0016 1 0274 2 0608 2 0829 5 1244 2
0020 4 0285 10 0612 8 0830 8 1245 2
0022 5 0288 9 0613 7 0851 14 1248 21
0023 5 0309 5 0614 9 0869 2 1250 21
0028 1 0311 4 0622 2 0870 2 . 1267 17
0029 4 0340 1 0624 12 0871 2 1268 16
0031 8 0341 3 0630 2 0872 10 1269 17
0043 5 0369 2 0635 2 0876 1 1270 =
0045 6 0370 5 0634 1 0877 1 1271 2
0046 6 0378 6 0669 1 0878 6 1272 1
0047 3 0388 2 0670 2 0897 2 1273 9
0049 9 0397 1 0671 1 0899 4 1201 3
0050 2 0398 4 0683 6 0900 5 1202 3
0053 2 0424 5 0694 7 0902 5 1293 7
0058 6 0426 2 0703 4 0907 2 1310 3
0059 3 0444 24 0704 4 0913 - 1314 1
0060 7 0445 - 0705 5 = 0922 8 1315 2
0062 7 0446 2 0714 8 0924 6 1316 7
0063 3 0447 3 0716 3 0925 10 1317 -
0064 3 0808 3 0717 2 0931 16 1324 15
0070 6 0504 16 0721 3 0932 5 1328 2
0079 6 0506 6 0727 2 €933 3 1329 ©
0082 1 0509 4 c728 1 0959 8 1359 2
0099 6 0515 3 0729 1 0965 7 1361 2
0107 6 0519 3 0730 2 0973 . ¢ 1377 4
o116 1 0527 9 0731 1 0978 2 1378 3
0117 2 0533 7 0733 2 0983 - 1381 8
0162 1 0534 7 0734 2 0987 4 i385 3
0163 2 0535 9 0735 2 1000 2 1420 3
0165 2 0536 5 0737 3 1001 3 1422 8
0102 1 0564 20 0738 2 1002 3 1425 2
0202 6 0573 3 0740 13 1085 7 1430 1
6204 3 0574 5 0746 5 1088 5 1431 20
0205 2 0575 4 0748 9 1089 20 1441 10
0226 3 0579 5 0759 9 1090 16 1442 5
0227 2 ©589 1 0771 14 1091 18 1443 S
05%4 5 Q775 13 1097 5 1444 6
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NCAT No, NCAT No. NCAT No.
1445 5 1842 13 2200 27
1447 - 10 1843 6 2201 6
1448 & 1844 5 2202 23
1467 9 1864 1 2205 22
1468 9 1865 3 2206 4
1472 7 1868 5 2207 3
1502 1 1869 4 2208 -
1504 2 1870 - 2215 3
1506 2 1949 2 2216 3
1508 2 1952 5 2217 5
1510 3 1967 9 2218 3
1511 3 1982 3 2219 4
1512 3 1983 3 2220 4
1514 1 : 1997 11 2221 5
1515 4 2002 25 - 2253 20
1570 3 2003 26 2254 7
1571 3 2016 5 2255 3
1572 2 2017 5 2257 5
‘1573 3 2001 2 2259 1
1574 2 2006 2 2205 23
1575 4 2104 10 2206 8
1580 4 2119 4 2301 1
1584 2 2120 2 2324 14
1585 2 2121 4 2327 6
1586 2 2122 3 2328 3
1587 2 2123 3 2348 12
1588 1 2124 2 2381 1
1589 2 2125 2 2383 17.
1604 1 2129 3 2384 9
1613 28 2142 5 2385 5
1620 10 2144 3 2386 4
1621 1 2150 9 2387 2
1624 9 2151 1 2388 12
1625 6 2152 19 2389 8
1726 5 2168 4 2390 6
1738 6 2169 6 2397 7
1739 9 2172 8 2399 18
1777 26 2173 2 2401 3
1778 4 2174 2 2403 14
1779 23 2176 9 2404 7
1781 - 2180 4 2405 17
1804 7 2182 35 2411 6
1806 8 2183 8 2412 4
1807 4 2184 19 2413 2
1814 2 2185 = 2414 19
1815 2 2186 1 2417 12

NCAT No. NCAT. No, NCAT No.
2418 4 2515 3 2588 2
2419 4 2516 2 2580 2
2420 5 2517 8 2500 1
2422 4 2518 3 2501 1
2424 21 2519 8 2592 1
2427 13 2520 1 2583 1
2428 17 2521 4 2594 1
2429 1 2522 3 2505 1
2431 4 2523 7 2596 1
2432 4 2524 10 2507 1
2433 8 2525 9 2500 1
2435 O 2526 8 2600 1
2436 7 2527 9 2601 1
2437 35 2528 6 2602 1
2438 18 2529 2 2603 1
2439 2 2530 3 2604 1
2440 12 2531 2 2605 1
2441 24 2532 3 2606 2
2481 8 2533 5 2608 1
2482 5 2536 5 2609 2
2434 30 2537 5 2610 1
2488 7 2538 1 2611 1
2486 4 2539 1 2612 1
2487 6 2540 1 2613 1
2488 1 2541 2 2614 1
2480 7 2542 1 2615 1
2490 8 2543 6 2616 1
2401 2 2544 4 2617 1
2492 7 2545 2 2618 1
2493 7 2547 1 2619 1
2494 1 2548 2 2620 1
2495 1 2550 2 2622 1
2496 4 2555 3 2623 1
2497 4 2565 4 2624 1
2498 6 2566 1 2628 1
2499 2 2567 1 2627 1
2500 4 2568 4 2628 1
2501 S5 2569 3 2629 1
2502 6 2570 .1 2630 1
2503 14 2571 1 2631 1
2504 7 2572 3 2632 1
2505 10 2573 4 2633 1
2509 2 2574 2

2510 2 2577 1 :
2531 1 2578 1 TOTAL
2514 2 2580 1

487 satellite:s
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ADDITIONS
Catalog Numbers and Popular Names Correspond

to IDENT Designations of Recent Unclassified Earth Satellites
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Current Gear Ratio Elements Derived by NASA GSFC from NORAD Data as of 39443.9
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Current Gear Ratio Elements Derived by NASA GSFC from NORAD Data as of 39457.9
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Current Gear Ratio Elements Derived by NASA GSFC from NORAD Data as of 39471.9
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Current Gear Ratio Elements Derived by NASA GSFC from NORAD Data as of 39485.9
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LIST OT Sf\Ti:lL.-Ll’l‘ES BELIEVED TO BE TRANSMITTING AS OF JNL = 394 4.0 (Dec. 15, 1960)
(Channels operating on COMMAND only are listed with letter C in place of the decimal point.) J

: IDENT NAME NCAT MCSS
i 1961 15A OMICRON 1 TRANSIT 4A 00116  54C 324C 150C
1 1962 15A OMICRON 1 ARIEL 1 00235 136.405
\ p 1962 49A B ALPHA 1 ALOUETTE 00424  136C591 136CO07H
: i 1962 60A B My 1 ANNA 1B 00446  162C 324C
: : 1962 68A B UPSILON ! RELAY 1 00503  136C140 136C621
¥ ; 1963 22A TRANSIT A25 00594  150C 400C
} Y 1963 24A TIROS 7 00604 136C2133 1360924
2 § 1963 31A SYNCOM 2 00634  136C467 1814C069 1815794 1820018
1 1963 38¢C NONE 00671 136C653 1620324
i 1963 498 NOHE 00704  I50C 400C
14 i 1963 54A TIROS O 00716  136C231 136(C924
g : 1964 0O1¢C EGRS 00729 136.805
! : 1964 01D SOLAR RAD 00730 136.886 :
3 5 1964 03A RELAY Al6 00737 136620 136.142
§ 3 1964 04A ECHO 2 00740 136.019 136.170
. § 1964 06A ELEKTRON 1 00746 20C005 30C008
i 4 1964 068 ELEKTRON 2 00748  19C430 19C540 90C225
“4 9 1964 15A ARIEL 2 00271 126.557
N s 1964 198 poLYOT 2 00784 19.895
¥ : L1964 26A NONE 00801 150C 400C
] 4 1964 &7A SYNCOM 3 00858 136C470 1820C177 18150794 1814C93
. i 1964 S1A EXPLORER 20 00870 136C326 136C350 136680
e : 1964 S3A COSMOS %4 00876 90C023
i 1964 S4A 064 | 00879 136C200 400C250 400C850
4 1964 60A EXPLORER 21 00889 136Cl47
- 1964 64A EXPLORER 22 00899 136C171 162C 324C 20C 40C 360C
ﬂ 1964 T4A EXPLORER 23 00924 i36C078 136C861
C i 1964 T6A EXPLORER 24 00931 136.709
! i 1964 768 EXPLORER 25 00932 136C292 136(860
. ! 1964 83C NONE 00959  136.650 162C324
| g | 1964 86A EXPLORER 26 00963 136.273
. 1964 83D NONE 00965 150C 400C
! 1965 04A TIROS 9 00978 136234 136C198
: 1965 017A ORB.SOL.0BS.2 00987 136.713
5 1965 094 PEGASUS 1 01085 136C410 136C890
- 1965 16E EGRS 3 01208 136.840
s 1965 16D SOL RAD 01291 136.800
{ 1965 16C GRAV GRAD 3 01292 136.766
1 1965 32A BEACON 01328 1360740 162C 324C 20C 40C 360C
. 1965 39a PEGASUS B 01381  136C410 136C889
1965 42A IMp C 01388 136.125
i 1965 S1A TIROS 10 01430 136C232 136(924
: h 1965 58C oRS 3 01460 136.768
1 19565 60A PEGASUS € 01467 136C410 136(590
: 1965 638 ROCKET BODY 01506  136.840
; 1965 81A 060 ¢ 01620 136C200 400C250 400CB50
4 1965 894 GEOS A N1726 136C830 162C 324C 972C
[ 1965 934 EXPLORER 30 01738  136.530
1965 98A ALOUETTE B 01804  136C080 130(590 1360980
] 1965 988 OME-A 01806  136C380
1965101A FR-1 01814  136C350 136.800
h 196% 109A ESSA-1 01864 150C 400C
1066 OBA ESS5A-2 01982 136C230 136C91r0
3 L2066 16A 02091 136C770 137C700
1 1966 24A 0AO-1 02119 150C  400C
j 1966 31A NIMBUS-2 02142 136.440; 136C260; 400C550
1966 40A Cc2173 136.500; 136C950; 137C200; 1707CS
1966 41A Explorer 32 02176 150C  400C
1966 44A 0G0-3 02183 136C320; 136C560
1966 49A EGRS VI 02195 136C200; 400C350; 400C850; 136C200
1966 51B ERS-16 02205 136.800
. 1966 51C Explorer 33 02202 1365440
1966 58A EGRS VII 02258  136.020
, ] 1966 778 ERS-15 02411 136 .800
1966 77C ESSA-3 02412 1365440
Q 1966 87A EGRS VIII 02435  136C770; 235C
4 1966 898 INTEL SAT 2 02520  136.840
: 1966 96A 02514  136C440; 136C980

;
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BULLETIN

DAY NUMBERS FOR RECORDING CHRONOLOGICAL DATA

IMPORTANT SAVINGS IN DATA PROCESSING costs can be realized when chronological
information is recorded in terms of day numbers in a continuous chronological era, in-
stead of in calendar months, days, and years. Until recently, the only regular users of
day numbers were astronomers and scholars. More recently, the application of solid-
state electronic computers with magnetic core storage to clerical tasks, such as payroll
accounting and keeping insurance records, has been rocketing days numbers from aca-
demic obscurity to standard commercial practice.

DAY NUMBERS IN A CHRONOLOGICAL ERA differ from days of the month or days of
the year in that the enumeration is not cyclical. There is only one epoch from which
time is measured in the era. In a given chronological era there can be one, and only one,
day number for a given day.

'I‘HE MODIFIED JULIAN EPOCH introduced during the International Geophysical Year
began at 00 hours, Universal Time, November 17, 1858 A.D. The Modified Julian Day
number, therefore, denotes the number of days since the above epoch that has elapsed
at 00 hours U.T. on the day designated. The particular epoch was chosen to simplify
conversion from Julian Day numbers employed in classical astronomy.*

THE MODIFIED JULIAN DATE (MJD) corresponding to any instant is but a simple exten-
sion of the above concept. MJD is the Modified Julian Day number, followed by the frac-
tion of a day elapsed since 00 hours U.T. Conversion from Modified Julian Date (MJD)
to Gregorian calendar date and back can be accomplished by simple computer algorithms
or tables, as described below.

CORE STORAGE REDUCTIONS realized in using Modified Julian Dates (MJD) are sub-
stantial. According to W. P. Overbeck, Director of the Savannah River Laboratories**:

"The gain that we make in using MJD in our records, rather than calendar
dates, is in reducing storage requirements by a factor of three for each date.
This is important to us. . .because we have the type of program in which all
records are placed in magnetic core storage. This is a problem when you are
dealing with records for several thousand people."”

*At 00 hours U.T. November 17, 1858, A.D., the Julian Date (JD) was 2,400,000.5. :
**Operated for the United States Atomic Energy Commission by the E. I. duPont de Nemours Co., Inc.

@ Society of Photographic Scientists and Engineers



SORTING ME THODS proposed by Von Neumann and Goldstein in 1945, when adapted to .
data arrays in magnetic core storage, represent the fastest possible way of sorting and
ordering numerical data. In such applications, reduction in the amount of core storage
space required for chronological records provides significant savings.

‘THE FOLLOWING TABULATIONS of MJD of the Zeroth Day of Each Month from January
0, 1951 through December 0, 1999 was generated by a computer. It was prepared by

W. P. Overbeck to facilitate checking of tape records in salary administration. To find
MIJD for a given date during this period, add MJD of the Zeroth day of the given month

to the given day-of-the-month. To-find the year, month, and day corresponding to any
Modified Julian Date during the period, find the highest tabular value that is less than

the given MJD value. The Gregorian year and month are the tabular arguments of such
value. The day-oi-the-month is MJD less the tabular value.

MJD OF ZEROTH DAY OF EACH MONTH

YEAR JAN FEB MAR APR MAY JUN JuL AUG SEP ocr NOV DEC

1951 33¢&46 33677 33705 33736 33766 33797 33827 33858 33889 33919 33950 33980
1952 34011 34042 34071 34102 34132 34163 34193 34224 34255 34285 34316 34346
1953 34377 34408 34436 34467 34497 34528 34558 34589 34620 34650 34681 34711
1954 34742 34773 34801 34832 34862 34893 34923 34954 34985 35015 35046 35076
1955 35107 35138 35166 35197 35227 35258 35288 35319 35350 35380 35411 35441
1956 35472 35503 35532 35563 35593 35624 35654 35685 35716 35746 35777 35807
1957 35838 35869 35897 35928 35958 35989 36019 36050 36081 36111 36142 36172
1958 36203 36234 36262 36293 36323 36354 36384 36415 36446 36476 36507 36537
1959 36568 36599 36627 36658 36688 36719 36749 36780 368L1 36841 36872 36902
1960 36933 36964 36993 37024 37054 37085 37115 37146 37177 37207 37238 37268
1961 37299 3733C 37358 37389 37419 37450 37480 37511 37542 37572 37603 37633
1962 37664 37695 37723 377154 37784 37815 37845 37876 37907 37937 37968 37998
1963 38629 38060 38088 38119 38149 38180 38210 38241 38272 38302 38333 383

1964 38394 38425 38454 38485 38515 38546 38576 38607 38638 38668 38699 387

1965 38760 38791 38819 38850 38880 38911 38941 38972 39003 39033 39064 39094
1966 39125 39156 39184 39215 39245 39276 39306 39337 39368 39398 39429 39459
1967 39490 39521 39549 39580 39610 39641 39671 39702 39733 39763 39794 39824
1968 39855 39886 39915 39946 39976 40007 40037 40068 40099 40129 40160 40190
1969 40221 40252 40280 40311 40341 40372 40402 40433 40464 40494 40525 40555
1970 40586 40617 40645 40676 40706 40737 40767 40798 40829 40859 40890 40920
1971 40951 40982 41010 41041 41071 41102 41132 41163 41194 41224 41255 41285
1972 41316 41347 41376 41407 41437 41468 41498 41529 41560 41590 41621 41651
1973 41682 41713 41741 41772 41802 41833 41863 41894 41925 41955 41986 42016
1974 42C47 42078 642106 42137 42167 42198 42228 42259 42290 42320 42351 42381
1975 42412 42443 42471 42502 42532 42563 42593 42624 42655 42685 42716 42746
1976 42777 42808 42837 42868 42898 42929 42959 42990 43021 43051 43082 43112
1977 43143 43174 43202 43233 43263 43294 43324 43355 43386 43416 43447 43477
1978 43508 43539 43567 43598 43628 43659 43689 43720 43751 43781 43812 43842
1979 43873 43904 43932 43963 43993 44024 44054 44085 44116 44146 44177 44207
1980 44238 44269 44298 44329 44359 44390 44420 44451 44482 44512 44543 44573
1981 44604 44635 44663 44694 44724 44755 44785 44816 44847 44877 44908 44938
1982 44969 450CC 45028 45059 45089 45120 45150 45181 45212 45242 45273 45303
1983 45334 45365 45393 45424 45454 45485 45515 45546 45577 45607 45638 45668
1984 45699 45730 45759 45790 45820 45851 45881 45912 45943 45973 46004 46034
1985 46065 46096 46124 46155 46185 46216 46246 46277 46308 46338 46369 46399
1986 46430 46461 46489 46520 46550 46581 46611 46642 46673 46703 46734 46764
1987 46795 46826 46854 46885 46915 46946 46976 4T007 47038 47068 47099 47129
1988 47160 47191 47220 47251 47281 47312 47342 47373 47404 47434 47465 47495
1989 47526 47557 47585 47616 47646 47677 47707 47738 47769 47799 47830 47860
1990 47891 47922 47950 47981 48011 48042 48072 48103 48134 48164 48195 48225
1991 48256 48287 48315 48346 48376 48407 48437 4B468 48499 48529 48560 48590
1992 48&21 48652 48681 48712 48742 48773 48803 48834 48865 48895 48926 48956
1993 48987 49018 49046 49077 49107 49138 49168 49199 49230 49260 49291 49321
1994 49352 49383 49411 49442° 49472 49503 49533 49564 49595 49625 49656 49686
1995 49717 49748 49776 49807 49837 49868 49898 49929 49960 49990 50021 500

1996 50€82 50113 50142 50173 50203 50234 50264 50295 50326 50356 50387 504

1997 50448 50479 50507 50538 50568 50599 50629 50660 50691 50721 50752 50782
1998 50813 50844 50872 50903 50933 50964 50994 51025 51056 51086 51117 51147
1999 51178 51209 51237 51268 51298 51329 51359 51390 51421 51451 51482 51512
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.U'NIVERSAL TIME (U.T.), strictly speaking, is a measure of the earth's rotation with

respect to the mean sun. It describes the polar angle, TNL, measured from the geocen-
tric projection of the earth's mean shadow center (T), around the North Pole (N), to the
geocentric projection of the Greenwich Observatory (L) at a particular instant. If we
identify the direction of (T) at November 17.0, 1858 U.T. by the symbol, J, we can des-
cribe the epoch of any event by the magnitude of the angle, JNL, at such epoch. The pre-
ferred way of doing 80 is in turns and decimal fractions. By definition, then, the angular
measure, JNL, is identical to Modified Julian Date (MJD). The very small and somewhat
uncertain secular variations in the length of mean solar days are unimportant for chrono-
logical purposes.

COMPUTER SUBROUTINES, JAYDAY & CALDAY, are given below. Subroutine JAYDAY
gives the value of JNL (MJD) corresponding to Gregorian Calendar month, day, and year
of the 20th and 21st centuries. Subroutine CALDAY gives, for the same period, Gregor-
ian Calendar month, day and year, corresponding to JNL (MJD).

SUBROUTINE JAYDAY(NM,ND,NY,JNL)
Cc GIVES JNL = DAYS SINCE NOV. 17.0 UT 1858 CORRES-
c PONDING TO GREGORIAN CALENDAR MONTH, DAY & YEAR,
IF(NY.LT.1901)GO TO 10
IF(NY.LT.2100)GO TO 11
10 JNL=0
GO TO 14
11 MM=NM'
MY=NY-1900

MM=MM+9

MY=MY-1

GO TO 13
12 MM=MM-3
13 JNL= 15078+(1461%*MY)/4+(153*MM+2)/5+ND
14 RETURN

END

’ IF(MM.GT.2)GO TO 12

SUBROUTINE CALDAY (NM,ND,NY,JNL)
c GIVES GREGORIAN CALENDAR MONTH, DAY & YEAR COR-
c RESPONDING TO JNL = DAYS SINCE NOV. 17.0 UT 1858
IF(JNL.LT.15384)GO TO 10
IF(JNL.LT.88067)GO TO 11
‘10 NM=O
ND=0O
NY=0
GO TO 13
11 NSEQ=JNL-15078
NY=(4*NSEQ-1)/1461
ND= (4*NSEQ+3-1461*NY)/4
NM=(5*%ND-3)/153
ND= (5*ND+2-153*NM) /5
IF(NM.GE.10)GO TO 12
NM=NM+3
NY=NY+1900
GO TO 13

‘ 12 NM=NM-9
} NY=NY+1901

13 RETURN
END



DAYS OF THE WEEK are not a proper part of the Calendar. The uninterrupted weekly’
seven-day cycle can be traced back to long before the calendar reforms of Pope Gregory
XIII and of Julius Caesar. Direct computer determination of the day of the week from a
given calendar date is impossible. It is first necessary to convert to day numbers in an

era originating on a known day of the week. November 17, 1858 fell on the fourth day of

the week (Wednesday).

DESK AND POCKET "CALENDARS" customarily list the date corresponding to each day
of the week. A side-by-side listing of calendar date and MJD for each day of the week
from January 1966 through December 1968 is given below.

MODIFIED JULIAN DAY NUMBER
FOR EVERY DAY OF THE WEEK
FROM JANUARY 1, 1966 THROUGH DECEMBER 31, 1968
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